The Mg-auceoside triphosphatase activity associated with the inner envelope membrane of the pea chloroplast is comprised of at least two components, a major activity that is sensitive to vanadate and sodium fluoride and a minor insensitive activity. The vanadate/fluoride sensitive activity has been partially purified (about 35-fold) from Triton X-100 solubilized membranes by DEAE-Sephadex chromatography and sucrose density gradient centrifugation. The partially purified enzyme resembles the membrane-bound activity in requiring either Mg2e or Mn2', having a broad specificity for nucleoside triphosphates, having a K^. for ATP of 0.18 millimolr, and being inhibited by N-ethylmaleimide, but insensitive to sodium azide and dicyclohexylcarbodiimide. The partaly purified enzyme obtained after sucrose gradient centrifugation has a markedly increased sensitivity to inhibition by inorgaic pyrophosphate compared with the less pure enzyme. Pyrophosphate is not a substrate of either the membrane-bound or partially purified enzyme.
The inner membrane of the chloroplast envelope is involved in a number of biosynthetic and transport processes. Unresolved issues in the energetics ofthese processes have led to considerable interest in the nucleoside triphosphatase activity found in association with the chloroplast envelope of many species (6, 11, 14, 17) and speculation about its function. Indeed, Maury et aL (12) have suggested that an ATPase on the inner envelope membrane may function as a proton pump. However, the function of the envelope NTPase activity has not been established.
We have previously characterized a Mg2e-dependent NTPase3 activity associated with isolated envelope membranes from peas and established that the activity is located exclusively on the inner envelope membrane (1 1 The Km for ATP of the partially purified enzyme (Fig. 4 ) was determined to be 0.18 mM (±0.03). This value is in good agreement with the Km of 0.2 mm previously reported for the membrane-bound activity (1 1). Also, as reported for the membranebound activity (11), the purified NTPase was competitively inhibited by ADP (data not shown).
Pyrophosphate Inhibition. Whereas isolated envelope membranes have substantial pyrophosphatase activity (Table II; [11 ]), PPi does not inhibit the membrane-bound NTPase activity
(1 1). In marked contrast, however, as shown in Figure 5 gent should result in increased sensitivity of the activity to inhibition by PPi. However, that this is clearly not the explanation is demonstrated in Figure 6 . The unfractionated membranes (U), the Triton X-100 solubilized activity (O) and the activity eluted from the DEAE-Sephadex A-50 column (0) remained insensitive to PPi. Only after the sucrose gradient, the final step in the partial purification, did the enzyme become highly sensitive to PPi (0).
An alternative explanation for the above results is that the pyrophosphatase activity associated with the unfractionated membranes and crude enzyme provided protection against PPi One intriguing, albeit speculative, interpretation of these data is that the envelope membrane contains an effector molecule which interacts with the NTPase to reduce the affinity of the enzyme for PPi, but which is lost during sucrose gradient centrifugation. Such an effector could be either another protein, a lipid, or an allosteric modulator, provided it co-elutes with the NTPase from the DEAE-Sephadex column and is retained by envelope membranes throughout repeated washings.
The envelope NTPase that we have partially purified is quite distinct from other plant membrane ATPases which have been characterized (1, 4, 8, 19, 21, 22) . The envelope NTPase is insensitive to DCCD (TableI) and thus differs from the plasma membrane ATPase (22) and the thylakoid membrane CF, ATPase (19) . Although the envelope NTPase is inhibited by vanadate, inhibition occurs only at high vanadate concentrations relative to concentrations effective in inhibiting the plasma membrane ATPase (4, 22) . The envelope NTPase is further distinguished from the plasma membrane (4, 22) and vacuolar ATPases (8) by a lack of stimulation by KCI (1 1) and a broad substrate specificity. NTPase activities with broad substrate specificities have been partially purified from microsomal membrane fractions isolated from pea stem (21) and corn root (1); however, both of these enzymes also have high ADPase activity. In addition, the enzyme prepared from maize root also hydrolyzes PPi and monophosphorylated substrates although this may be the activity of a separate enzyme (4) . The envelope NTPase has no ADPase or phosphatase activities. Interestingly, a Mg-NTPase has recently been partially purified from the plasma membrane of human oat cell carcinoma cells (7) (16, 20) C02-fixation in intact pea chloroplasts, although addition of ADP or ATP will reverse the inhibition (16) . These effects have been ascribed to exchange of PPi with the adenylates on the adenylate translocator, however, the high degree of specificity of the adenylate translocator for adenine nucleotides (5) raises the question of whether PPi can participate directly in adenylate exchange. The observation that PPi can be a powerful inhibitor of the envelope NTPase under at least some conditions suggests an additional site at which PPi may interact with the chloroplast envelope.
